Elephant grass (Pennisetum purpureum Schum.) is an important forage crop that has been proposed as a potential feedstock for bioenergy production. However, weed interference is a major factor limiting elephant grass production. Field experiments were conducted in 2014 and 2015 to evaluate preemergence herbicides for selective weed control in an elephant grass pasture. Herbicide treatments included atrazine + S-metolachlor, atrazine + simazine, ametryn, ethoxysulfuron, S-metolachlor, diuron + hexazinone, sulfentrazone, imazethapyr, and atrazine at label use rates. Weedy and weed-free treatments were included. Atrazine + S-metolachlor, atrazine + simazine, ametryn, ethoxysulfuron, S-metolachlor, sulfentrazone, and atrazine did not cause phytotoxicity on elephantgrass 35 days after treatment (DAT). However, diuron + hexazinone and imazethapyr were the most phytotoxic on elephantgrass, resulting in 81 and 70% phytotoxicity in 2014, and 7 and 6% phytotoxicity in 2015 respectively 35 DAT. All treatments provided effective weed control (>81%) with the exception of ethoxysulfuron (0 and 11% in 2014 and 2015, respectively), and atrazine (59% in 2014). These results show that atrazine + S-metolachlor, atrazine + simazine, ametryn, ethoxysulfuron, S-metolachlor, sulfentrazone, and atrazine were selectives when applied in preemergence in elephant grass pasture.
INTRODUCTION
Elephant grass (Pennisetum purpureum Schum.), a member of the Poaceae family, is a perennial, rhizomatous grass native to tropical Africa (Schmelzer, 1997) . It was introduced as forage in many tropical and subtropical regions of the world because of its ability to produce high biomass yield under a wide range of climatic and edaphic conditions (Aroeira et al., 2001 ) Elephantgrass is highly efficient in fixing atmospheric CO 2 and able to accumulate more than 60 Mg ha -1 of dry matter per year (Morais et al., 2009) . Although elephant grass is mainly used as an animal feed (Santos et al., 2013; Rusdy, 2016) , the high biomass production, especially in tropical countries, makes it a potential feedstock for bioenergy production (Flores et al., 2012; Ohimain; Kendabie; Nwachukwu, 2014; Sales et al., 2015) . As a result, research has been directed to using elephant grass biomass for biofuel production such as charcoal (Strezov; Evans; Hayman, 2008) , alcohol (Soares et al., 2011) , methane, or even for direct burning (Samson et al., 2005; Lee et al., 2010) . Elephant grass is similar to crushed sugarcane in terms of fiber content (~ 65%), which is an important feature for the calorific value of biomass (Morais et al., 2009) .
Weed interference is a major factor limiting elephant grass cultivation. The crop is sensitive to weed interference after planting (3-6 w) (Silva et al., 2002) because of its slow early development. Grass weeds, such as Brachiaria spp., are especially difficult to control selectively in elephant grass because of the morphological similarities between the two species (Abreu et al., 2006) .
Because elephant grass is not only considered a crop, but also a weed species (Cutts et al., 2011; Odero; Gilbert, 2012; Grey et al., 2015) , there is limited research on selective weed management in the crop. Currently, there are no herbicides registered for selective weed control elephant grass pasture. The objective of this study was to evaluate preemergence herbicides for potential selective weed control in elephant grass pastures. Average monthly air temperatures (maximum and minimum) and rainfall during the experimental periods are provided in Table 2 .
MATERIAL AND METHODS
The experimental design was a randomized complete block with four replications. The treatments included preemergence application of atrazine + S-metolachlor at 1.48 + 1.16 kg ai ha -1 , atrazine + simazine at 1.5 + 1.5 kg ai ha -1 , ametryn at 1.5 kg ai ha -1 , ethoxysulfuron at 0.15 kg ai ha -1 , S-metolachlor at 1.92 kg ai ha -1 , diuron + hexazinone at 1.17 + 0.33 kg ai ha -1 sulfentrazone at 0.25 kg ai ha -1 , imazethapyr at 0.1 kg ai ha -1 , and atrazine at 2.0 kg ai ha -1 . Weedy and weed-free (hand-weeded) treatments were included.
The experimental plots were plowed and a disc harrows were used for smoothing out the surface of the soil before planting the elephant grass on October 30, 2014 and November 12, 2015 in Valença and Coronel Pacheco, respectively during the herbicide applications.
The phytotoxic effect of herbicide treatments on the elephant grass and weed control were evaluated on a scale of 0 to 100% , with 0 being no injury or weed control and 100% being complete elephant grass death or complete weed control at 23 and 35 days after treatment (DAT) Sociedade Brasileira da Ciência das Plantas Daninhas (SBCPD, 1995) .
Prevalent weed species and their densities before plowing the experimental area in Valença were alexandergrass (Brachiaria decumbens L.) (4.0 plants m ). Weed densities (plants m -2 ) were measured at 35 DAT at both study locations. All weed species were counted within a quadrat (1.0x1.0 m). Weeds were cut from the soil surface using the same quadrat to determine aboveground biomass at 35 DAT for both experiments and again at 50 DAT in experiment conducted in Valença. Harvested weeds were weighed to determine fresh matter weight. The weeds collected at 80 DAT in Valença and at 35 DAT in Coronel Pacheco were placed in kraft paper bags and dried in a forced ventilation air oven at 65 0 C for 72 h, reaching a constant mass. The dry matter was weighted on a graduated scale.
For both experiments, elephant grass green color indices were measured at 23 and 35 DAT by using a SPAD-502 chlorophyll meter (Konica Minolta, Japan) and plant height was measured at 35 DAT. Elephant grass yield was measured at 80 DAT in both locations. Plants were cut within a quadrat (1.0x1.0 m) at the soil surface to quantify aboveground biomass. Harvested plants were weighed, placed in a forced-air ventilation oven at 65 °C for 72 h, and subsequently reweighed. The values of fresh and dry matter weight of elephant grass were converted to kg ha -1 . The percentage of phytoxicity and weed control data were normalized by square root transformation of (x + 1) to perform analysis of variance tests. Data were subjected to analysis of variance, and the mean values were compared using the Scott-Knott test (P ≤ 0.05). Statistical analyses were performed using the SAEG software for both experiments (Ribeiro Júnior, 2001 ).
RESULTS AND DISCUSSION

Experiment conducted in Valença-RJ
There was no phytotoxicity on elephant grass at 23 and 35 DAT following treatments with atrazine + S-metolachlor, atrazine + simazine, ametryn, ethoxysulfuron, S-metolachlor, and atrazine (Table 3) .
Similarly, there was no injury on elephant grass cultivars Pioneiro and Cameron following preemergence atrazine + S-metolachlor and S-metolachlor (Silva et al., 2002) . Both herbicides did not induce phytotoxic effects on the tested cultivars.
Sulfentrazone caused slight chlorosis on elephant grass leaves, resulting in 17% of phytotoxicity at 23 DAT. However, the phytotoxic effect of sulfentrazone was transient and no visual symptoms of injury at 35 DAT. In contrast, diuron + hexazinone and imazethapyr caused 81 and 70% injure on elephant grass at 35 DAT, respectively. Young leaves showed faint yellowing at 23 days after application of diuron + hexazinone. This symptom progressed to a stronger yellowing and necrosis of leaf blade at 35 DAT. Imazethapyr injury symptoms in elephant grass include yellow of leaf blade and leaf tips may appear red or purple in colour.
Atrazine + S-metolachlor, atrazine + simazine, ametryn, S-metolachlor, diuron + hexazinone, and sulfentrazone provided 95% to 100% weed control at 35 DAT. Silva et al. (2002) reported 91% grass control and 80% broadleaf weed control with S-metolachlor at 2.3 kg ha -1 in an elephant grass pasture. Application of atrazine and imazethapyr provided 59 and 81% weed control at 35 DAT, respectively. However ethoxysulfuron did not provide any weed control. Atrazine, imazethapyr, and ethoxysulfuron were not effective in controlling predominately grasses in the experimental plots. These herbicides have little to no activity on grasses such as Brachiaria and are mainly used for broadleaf weed control (Rodrigues; Almeida, 2011) . For example, atrazine applied at 1.5 kg ha -1 did not have any effect on palisade grass (Brachiaria brizantha (Hochst. Ex A. Rich) Stapf.) intercropped with maize (Zea mays L.) (Jakelaitis et al., 2005) . In this study, palisade grass had the highest biomass yield.
Weed density and fresh and dry matter weight were low for atrazine + S-metolachlor, atrazine + simazine, ametryn, S-metolachlor, diuron + hexazinone, and sulfentrazone treatments (Table 4 ). This fact confirms the efficacy of these herbicides in controlling weeds presented in this experiment.
Although atrazine and ethoxysulfuron showed selectivity on elephant grass species, they were not efficient in controlling weed species. Also, imazethapyr provided some level and weed control (81%) but also cause phytotoxicity on elephant grass.
The treatments with atrazine + S-metolachlor, atrazine + simazine, ametryn, and S-metolachlor resulted in SPAD indice values equal to the weed-free treatment for both evaluations (Table 5) .
Although, ethoxysulfuron and atrazine caused no visual injury symptoms on elephant grass plants, SPAD indice values were lower compared to weed-free treatment at 35 DAT. This was probably attributed to weed interference as a result of poor weed control by these treatments. Diuron + hexazinone, sulfentrazone, and imazethapyr caused yellowing on elephant grass leaves resulting in lower SPAD indice values at 35 DAT.
All treatments caused reduction in elephant grass plant height with the exception of atrazine + S-metolachlor. The weedy plots had the highest value for plant height, probably due to competition for light, which led to plant etiolation. Atrazine + S-metolachlor, atrazine + simazine, ametryn, S-metolachlor, and sulfentrazone provided significantly greater fresh and dry matter weight of elephant grass (Table 5) . Atrazine + Simazine and S-metolachlor had higher values of fresh and dry matter weight of elephant grass than the weed-free treatment. In many cases, hand hoeing does not completely eliminate all weeds mainly within crop rows. Maybe, these weeds that established within elephant grass rows reduced the fresh and dry matter weight of the elephant grass in weed-free plots.
Although atrazine and ethoxysulfuron did not injure elephant grass, they did not provide weed control. This resulted in forage production losses manifested in the low fresh and dry matter weights. Diuron + hexazinone and imazethapyr also caused a reduction in fresh and dry matter of elephant grass due to their phytotoxic effects.
Weed interference on elephant grass occurred when no control measure was undertaken, i.e. for the weedy plots. The weedy plots produced 42% less elephant grass dry matter compared to the weed-free plots. 
Experiment conducted in Coronel Pacheco-MG
Phytotoxicity of atrazine + S-metolachlor, atrazine + simazine, ametryn, ethoxysulfuron, S-metolachlor, sulfentrazone, and atrazine was low (2 to 14%) at 23 DAT (Table 6) .
By 35 DAT, there was no visual symptoms on elephant grass from these treatments. Diuron + hexazinone and imazethapyr caused 29 and 7% injury at 23 DAT. Phytotoxicity symptoms on elephant grass plants characterized by leaf chlorosis, tissue necrosis, and reduced plant height. Injury from diuron + hexazinone declined by 22% compared to a decline of 1% by imazehapyr at 35 DAT.
The phytotoxicity values were lower in the experiment conducted in Coronel Pacheco than in Valença. The soil of Coronel Pacheco had greater amount of clay and organic carbon when compared to the experiment conducted in Valença. Probably, great amount of herbicide was adsorbed on clay and organic carbon in Coronel Pacheco compared to Valença. Consequently, less herbicides were in the soil solution and available for the elephant grass, resulting in lower percentage of phytotoxicity.
Overall, all herbicide treatments provided acceptable weed control (89 to 100%) at 35 DAT with the exception of ethoxysulfuron which provided only 11% control. Although ethoxysulfuron showed selectivity on elephant grass, it did not provide efficient weed control especially control of C. benghalensis which was predominant at the experimental site. This weed species is not effectively controlled by this herbicide (Rodrigues; Almeida, 2011) . Diuron + hexazinone, sulfentrazone, and S-metolachlor were the most effective herbicides for weed control (provided 100% control at 35 DAT).
All treatments significantly reduced weed density, fresh, and dry matter ( Table 7) .
The premix of atrazine + S-metolachlor applied on two elephant grass cultivars provided effective control of broadleaf weeds such as Sida glaziovii, Sida urens, and Acanthospermum australe (Silva et al., 2002) . SPAD indices were similar for the weed-free control and atrazine + S-metolachlor, atrazine + simazine, ametryn, ethoxysulfuron, S-metolachlor, sulfentrazone, and atrazine treatments at 35 DAT (Table 8) .
Diuron + hexazinone and imazethapyr had mild chlorosis and had significantly lower SPAD indice values compared to the rest of the treatments at 35 DAT Atrazine + S-metolachlor, ametryn, ethoxysulfuron, and atrazine did not cause reduction in plant height. The fresh and dry matter weights were not reduced in treatments containing atrazine + S-metolachlor, atrazine + simazine, ametryn, S-metolachlor, sulfentrazone, or atrazine. Although ethoxysulfuron did not caused injury on elephant grass plants, it was not efficient in weed control, thereby resulting in reduction in fresh matter and dry matter weight of elephant grass. Diuron + hexazinone and imazethapyr caused considerable reductions in the fresh and dry matter weights of the elephant grass in function of their phytotoxicity.
Elephant grass biomass reduction as a result of weed interference was evident when the weed-free and weedy controls were compared. Forage biomass losses were 44 and 41% for fresh and dry weight, respectively when no weed control measures were undertaken (weedy control) compared to weed-free control. 
CONCLUSIONS
As an attempt to generate information useful for improving elephant grass utilization, this study reports on grass and broadleaf weed controls in this forages by using preemergence herbicides. Atrazine + S-metolachlor, atrazine + simazine, ametryn, ethoxysulfuron, S-metolachlor, sulfentrazone, and atrazine were selectives when applied in preemergence in elephant grass pasture. The treatments with diuron + hexazinone and imazethapyr were the most phytotoxic herbicides for the elephant grass. In both places, all treatments provided effective weed control, except ethoxysulfuron and atrazine in Valença-RJ and ethoxysulfuron in Coronel Pacheco-MG.
